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Summary. 
This paper elaborates on the use of conceptual graphs in a prototype of a computer based support system for re-de- 
sign. Re-design support involves the modelling of assemblies and components. The requirements of the compo- 
nents to be modelled are a compromise between the functioning of the assembly and the manufacturability of the 
individual components. Conceptual graphs provide for an elegant way of representing both functioning and 
manufacturing aspects. In the prototype system, conceptual graphs are used for representing and defining assem- 
blies, components and features as well as the relations between these entities. Constraints, such as kinematic, toler- 
ance and manufacturing constraints are also represented using conceptual graphs. 
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1. Introduction. 
In mechanical engineering design a high percentage of all 
the design tasks can be considered as re-design tasks. In 
this context, re-design is considered as design with a priori 
knowled e on the functions and the physical principles to be 
used in t 9, e design process. Re-design is often expensive 
and error prone. Re-design seems attractive for computer 
support in order to reduce the time of re-desi n and to im- 
prove quality. Proper computer support tools !or rdes ign  
are not yet available. In a re-design support tool, it should be 
possible to model assemblies and components, taking care 
of both functioning and manufacturabilit Functioning is re- 
lated to the assembly that is being modelkxi Manufacturabil- 
ity is related to single components, focusing on the features 
of the components. This paper reports on the use of con- 
ceptual graphs as an elegant form of representing both func- 
tioning and manufacturing aspects. The conceptual gra hs 
are employed in a re-design support tool called FRO8M. 
Section 1.1 elaborates on conceptual graphs. Section 1.2 
details on the FROOM prototype. Section 1.3 provides an 
overview of the remainder of this paper. 
1 .I Conceptual graphs. 
Conceptual graphs, or conceptual structures, have been 
proposed for use in natural language processing and for rep- 
resenting mental models by Sowa [18]. However, the num- 
ber of applications of conceptual graphs in other domains is 
increasing. One of these domains is that of (re)design sup- 
port in CAD, which is also the focus of this paper. 
Conceptual graphs are graphs with two different kinds of 
nodes: concepts and conceptual relations. Conceptual 
graphs are therefore called bipartite. Sowa defines a con- 
ceptual graph as follows [18]. A conceptual graph is a finite 
connected bipartite graph. The two kinds of nodes of the bi- 
partite graph are concepts and conceptual relations. Every 
conceptual relation has one or more arcs, each of which must 
be linked to some concept. If a relation has n-arcs it is said to 
be n-adic and its arcs are labelled 1,2..n. The term monadic 
is synonymous with 1-adic, dyadic with 2-adic and tri-adic 
with 3-adic. A single concept may itself form a conceptual 
graph, but every arc of every conceptual relation must be 
linked to some concept. 
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Fig. 1 An example of a conceptual graph, redrawn from [ 181. 
The concepts in a conceptual graph are usually denoted by 
rectangles and the conceptual relations are usually denoted 
by circles. Figure 1 shows a simple example of a conceptual 
Yraph, taken from [18]. The graph in figure 1 may be read as 
a monkey eating a walnut with a spoon made out of the wal- 
nut’s shell”. The concepts are monkey, eat, walnut, spoon 
and shell while the conceptual relations belong to a pre-de- 
fined set of relations [18]. The directions of the arcs in fig.1 
depend on the relation definitions, as defined by Sowa [18]. 
1.2 FROOM. 
FROOM is a prototype of a re-design support system, cur- 
rently under development. The development of FROOM has 
been motivated by the following facts. First, in mechanical 
engineering design a high percentage of all the design tasks 
can be considered as re-design tasks. For these tasks prop- 
er computer support tools are not yet available. Second, 
CAD tools that integrate well with automated process plan- 
ning (CAPP) systems are not yet available. The CAPP sys- 
tem that is of particular interest to us, is the PART system 71. 
FROOM is an acronym for Feature and Relation based 6 b- 
ject Oriented Modelling. FROOM is a feature based system, 
allowing the modelling of both components and assemblies. 
Features in the FROOM context can be design form fea- 
tures, manufacturing form features and even abstract fea- 
tures. For a review of feature-based design, refer to [12]. 
FROOM employs conceptual graphs for knowledge repre- 
sentation, which is the focus of this paper. The conceptual 
graphs allow re-design support to be provided and facilitate 
the link with CAPP. The latter subject will not be addressed in 
this paper, however. Figure 2 shows Froom’s system archi- 
tecture. a; Inter- 
I I I I 
Database Interface Kernel Modeller 
I 
I 
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Fig. 3 System architecture of FROOM; IOD means 
interactive object definition. 
As can be seen from figure 2, two different kinds of users are 
determined: end-users and system manager users. End- 
users are the designers who design assemblies, compo- 
nents etc.; they perform the actual design tasks. System 
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managers customize the system to a certain application do- 
main, company and user (group). They define the features to 
be used, the catalogues from which selections can be made 
etc. For these two different user groups, separate user inter- 
faces are available. 
In the modelling module of FROOM, components, assem- 
blies and constraints can be modelled. This module has ac- 
cess to the kernel modeller, which offers the basic geometry 
processing functionality. In FROOM, a commercially avail- 
able kernel modeller is used for this. The application module 
includes the possible mappings to applications and the ap- 
plications themselves. An example of an application might 
be manufacturability evaluation. For more details on 
FROOM refer to [I31 and [14]. 
1.3 Organization. 
The organization of this paper is as follows. Section 2 briefly 
summarizes related literature. Section 3 provides the main 
differences of the conceptual graph approach as implement- 
ed in FROOM, when compared to other approaches. Section 
4 elaborates on the use of conceptual graphs in FROOM for 
assembly representation and definition. Section 5 details on 
the use of conceptual graphs for representing and defining 
components and features. Section 6 summarizes constraint 
representation via conceptual graphs. Finally, in section 7, 
conclusions and recommendations are presented. 
2. Review of relevant literature. 
Schmekel reported on the representation of pr.oduct data in a 
computer system for the conceptual design of mechanical 
products, based on the use of conceptual graphs [16]. The 
work by Schmekel is based on the general principles of de- 
sign by Suh [I91 and the systematic principles of design by 
Pahl and Beitz [Ill. Closely related to the work by Schmekel 
is the work by Andersson [I], [2]. Andersson reports on a de- 
si n Ian uage based on engineering terminology called 
ClNDLE!- also used by Schmekel- that is based on the 
conceptual graphs as described by Sowa [18]. The concept 
nodes in CANDLE represent entities, attributes, states and 
events while the relation nodes show how the concepts are 
interconnected. Schmekel classifies relations into part, port, 
connection, equality, attribute and constraint relations [I 61. 
There are some deviations as compared to Sowa [18]: the 
graphical symbols are somewhat different and entities and 
relations have so-called "roles". Roles represent e.g. the 
procedures or rules that are utilized for the synthesis and 
analysis of various solutions during the design work. Object 
oriented classifications of both concepts and conceptual 
relations are provided. Constraints are represented in 
CANDLE by attaching them to the conceptual relations. 
Billo et al. reported on the use of conceptual graphs for fea- 
ture representation and definition [3], [4]. Feature represen- 
tation is defined here as representing both the individual 
(form) features and the relations between the individual fea- 
tures that constitute a component. Billo et al. would like to 
bring some more rigour into feature representation by using 
conceptual graphs. By doing this, feature recognition and 
feature mapping or conversion would be made easier. A sim- 
ple example of feature transformation to Group Technology 
coding is given. The feature representation used by Billo et 
al. -in case of prismatic features - consists of face concepts 
and adjacency relations between them. The face concepts 
are part of the general feature concept. However, it is not fully 
clear whether other relations between faces are also pos- 
sible such as for example perpendicular, concave, convex, 
parallel etc. Other, more complex features are defined using 
conceptual graphs for sweeps and ruled surfaces. 
Hashim et al. use conceptual graphs as a means forfunction- 
al reasoning in generating design variants [6]. Ullman [22] 
has a similar notion of objects and relations as Schmekel 
[16], Andersson [I], Hashim [6] and as described in this pa- 
per. However, Ullman does not report on the use of conceptu- 
al graphs for representing objects and relations [22]. Taleb- 
Bendiab et al. use Entity-Relationship diagrams for the se- 
mantic modelling of engineering designs [20]. Entity relation- 
ship diagrams are very similar to the conceptual graphs as 
described in this paper. 
3. Conceptual graph approach in FROOM. 
In FROOM, the objects that are of concern during the (re)de- 
sign process are considered as concepts in a conceptual 
graph. Concepts can be assemblies, components, features 
and even faces and other low level geometric entities. As- 
semblies are built up of components which are built up of fea- 
tures which in turn are built up of faces. These objects can be 
very abstract or very concrete. 
Relations in FROOM can exist between any combination of 
the different types of objects, e.g. assembly-assembly, as- 
sembly -feature, component-feature or feature-feature etc. 
The relations often indicate functioning or manufacturing 
constraints. The relations can be ve abstract or very con- 
defined by the system manager, to be refined by the end- 
user. As in the work by Schmekel [I61 and Andersson [I], tax- 
onomies of both objects and relations are present. Fig. 3 
shows the combined taxonomy that is currently partly imple- 
mented. 
The most important deviations of the conceptual raphs in 
FROOM from the conceptual graphs as defined by 8owa [I81 
are the following: 
- Only assemblies, components, features, faces and other 
geometric objects can be concepts that are shown in the 
graph. Attributes for instance, are part of the object oriented 
descriptions of concepts and relations and are usually not 
shown in the conceptual graph. That is, unless the constraint 
network of parameter constraints is shown (section 6). 
-The relations used in FROOM are monadic, dyadic or tri- 
adic. Dyadic relations are most commonly used. Monadic 
relations are mainly used for defining subgraphs which can 
Crete. FROOM allows an initial set o 7 objects and relations, 
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Fig. 3 Taxonomy of objects and relations in FROOM. 
represent alternatives. From these, the end-user can select 
the alternative which will finally be instantiated (joined) in the 
overall graph (see alsofig.5). As a consequence, if a join on a 
relation is to be performed there should be two monadic rela- 
tions in the subgraph. If a join on a concept is to be per- 
formed, no monadic relations should be part of the subgraph 
[8]. Monadic relations are also used in tolerance representa- 
tion. This also holds for tri-adic relations. 
- Directed arcs - as shown in fig.1 -are only used when nec- 
essary. Often relations just denote a general connection rela- 
tion like "component A is connected to component 6". Usual- 
ly, "component B is connected to component A" holds equal- 
ly well, so that the arcs could have been directed in both 
directions. In these cases, arcs are omitted. 
- In the graphical notation of concepts and relations, some- 
times other symbols are used than the small rectangle or 
circle. Symbolic icons are sometimes used instead of the 
circles or blocks: see for instance figures 4, 5 and 7. 
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4. Conceptual graphs for assembly representation and 
definition. 
Assemblies consist of components and/or sub assemblies. 
Therefore, the conceptual graph representing the assembly 
consists of the objects that make up the assembly and the 
connection relations between these objects. Figure 4 illus- 
trates this. Fi ures 4-5 show the current end-user interface 
of FROOM. 8 e  upper lef! window is the geometry window in 
which actions similar to those in current CAD systems can be 
performed. In the upper right window, the context window, a 
conceptual graph is shown. In the following, conceptual 
graphs will also be referred to as context structures. The 
graph reflects the actual internal representation of all objects 
and relations. The concepts in the graph correspond to the 
geometry objects in the geometry window. There is a bi- 
directional association between the context window and the 
geometry window. 
The two main windows allow a mixed top-down and bottom- 
up design style. Bottom-up support is given in the geometry 
window similar to existing CAD systems. In the geometry 
window, component modelling using features is supported 
as well as assembly modellin by relating previously defined 
functionality in the geomet window. Currently, sketching is 
the context window: if an object or relation has the color 
green, then something predefined can be found on a lower 
level which can be detailed further. This is illustrated in fig- 
ures 4 and 5. Figure 4 shows a relation between a shaft and a 
gearwheel that has been predefined by the system manager 
(the connect-1 relation). This relation can be refined by the 
end-user to become a key connection; see figure 5. Be- 
cause of the association between the geometry and context 
windows, a mixed top-down and bottom-up design style can 
be adopted. 
components to one another. ! ketching could offer additional 
not implemented however. '?f opdown support is given from 
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Fig. 4 The two main windows of the FROOM end-user 
terrace. 
An example of bottom-up support that has been implement- 
ed in FROOM is relatin (positioning) existing components 
el relations or mating relations. At present, the following low 
level relations have been implemented in FROOM: against, 
align/fit, contact, orient and parallel offset. The implementa- 
tion of these relations is based on a sli ht modification of the 
for automatically determining the kinematic degrees of free- 
dom of each component and for automatically determining 
the functional surfaces which is important for tolerancing 151. 
The way in which a system manager can (pre)define an as- 
sembly is shown in fig. 6. This environment is the so-called 
context editor. The context editor allows the system manager 
user to define a conceptual graph (context structure), rep.re- 
senting the assembly. Geometry can be added to the con- 
cepts in the predefined graph. After completing the graph, 
the validity of the graph can be verified automatically. The 
relative to one another. 9 his is achieved by so-called low fev- 
work presented by Liu and Nnaji [lo]. B his approach allows 
Fig.5 FROOM end-user interface, alternative selection. 
verification of the graph is based on rules defined by Sowa in 
[18]. The verification procedure is described in [8]. 
5. Conceptual graphs for component and feature repre- 
sentation and definition. 
As in the work by Bill0 et at. [3], [4], feature representation in 
FROOM is based on the use of conceptual graphs. However, 
more relations can be defined between the individual faces 
constituting a feature other than just an adjacency relation- 
ship. At present, the following relations are also supported: 
adjacent (convex, concave, tangential), perpendicular, par- 
allel and co-axial. In fact, these relations can be viewed at as 
feature internal constraints. Fi9.7 gives an example of how 
features are currently interactively defined by the system 
manager. This feature definition environment is analogous to 
the context editor for predefining assemblies. Features can 
be defined b editing a conceptual graph representing the 
the user instantaneously also gets sample geometry in the 
geometry window. This is considered to be very important as 
users usually do have geometry in their mind of which the 
feature. A di x erence with the context editor, however, is that 
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Fig. 6 Assembly definition in FROOM. 
graph is an abstraction. In the future, the feature definition 
user interface will have to be extended to enable direct geo- 
metric input, e.g. by means of sketching, followed by auto- 
matic conceptual graph generation. 
The types of available concepts and relations are different 
when compared with the context editor for assemblies. Pres- 
ently available concepts are "planar face" and "cylindrical 
face". Future extensions will have to be made to the available 
concepts. For instance, the definition of free-shaped fea- 
tures (sweeps, ruled surfaces etc.) and abstract features will 
have to be accounted for. The feature definition capabilities 
of FROOM are elaborated in [I 51. 
Component modelling or definition by the end-user, using 
predefined features, has not yet been implemented as this 
functionality is already present in most commercially avail- 
able CAD systems. 
127 
Fig. 7 Feature definition in FROOM. 
6. Conceptual graphs and constraint representation. 
Sowa describes the use of actors in dataflow graphs as an 
extension of conceptual graphs for representing sequencing 
problems [18]. This concept could be used for representing 
constraints. Billo et al. use these actors in dataflow graphs 
[3], [4]. However, they only use them for defining relatively 
simple parameter dependency constraints. Schmekel [ 161 
and Andersson [I], [2] also represent parameter constraints 
in conceptual graphs. However, in their approach the 
constraints are attached to the conceptual relations. Schme- 
kel distinauishes integrity, quantitative, qualitative and finite 
constraink [IS]. 
In FROOM. the main twes of constraints that are considered 
are: nominal geomeij constraints, variational geometry 
constraints (tolerances) and parameter constraints. All these 
constraints can be represented using conceptual graphs. 
The nominal geometry constraints are comparable to 
Schmekel’s integrity constraints, the tolerance constraints to 
Schmekel’s ualitative constraints and the parameter 
constraints to%chmekel’,s quantitative and finite constraints. 
The relations that can be defined between faces of features 
in the feature definition module in FROOM can be regarded 
as feature-internal nominal geometry constraints. Feature 
external constraints are usual1 defined between faces that 
are also related to nominal geometry. The assembly relations 
that can be defined between different faces of different com- 
ponents like against, fit etc., can be viewed as (kinematic) 
nominal geometry constraints. These geometry constraints 
are represented and defined as relations in the conceptual 
graphs. Solving the nominal geometric constraints is based 
on work by Kramer [9] and solving variational geometric 
constraints is based on work by Clement et al. [5]. 
Parameter constraints in FROOM presently are simple lin- 
ear, uni-directional parameter dependency constraints. 
This, however, does not involve the use of conceptual 
graphs. In the future, a more advanced parameter constraint 
satisfaction mechanism is needed, for instance based on 
171 and [21], in which the conceptual graphs can be of use c or representing and showing the constraint network. In this 
case, the variables or parameters are the concepts while the 
constraints can be represented as the conceptual relations. 
7. Conclusions and recommendations. 
The focus of this paper is on the application of conceptual 
graphs in a re-design support tool, called FROOM. Con- 
ceptual graphs have been applied for representing and defin- 
ing assemblies, components, features, low level geometric 
objects and constraints. Conceptual graphs are used as a 
belong to a feature and those t y1 at do not. These constraints 
means of supporting a mixed top-down and bottom-up de- 
sign style. Conceptual graphs can represent both functional 
and manufacturing related information. Therefore, they offer 
opportunities for supporting (re)design and for improving the 
link with CAPP. The use of conceptual graphs for constraint 
representation is an issue of further research. 
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